
BROADBAND COMMUNICATION SYSTEM 
USING POINT AND SHOOT APPROACH 

Field of the Invention 

The present invention relates to broadband communication networks, and more 
particularly to a multi-channel access scheme for providing shared access to a 
broadband carrier. 

Background of the Invention 

The need for telecommunication networks capable of providing diverse and 
emerging communication services such as data, voice, and video motivated the 
development of broadband networks. Such networks offer users multimedia services, 
and the flexibility of accessing bandwidth on demand. Furthermore, there is 
increasing recognition of the benefits and advantages of using satellite transmission 
systems which will no doubt play a significant role in establishing a communications 
infrastructure for broadband communications. 

The use of multimedia broadband applications in the Ka band (30/20 GHz) for 
satellite communication systems raises the problem of dealing with very high-speed 
data transmission rates, especially in the forward link segment, from satellite to the 
user terminals, where a broad spectrum of data is accommodated in each carrier. The 
main problem to overcome in a broadband communication system is how the user 
terminals or receivers can be made to demodulate and process the incoming high- 
speed data stream without requiring technology that is excessively sophisticated or 
expensive. 
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One technique that has been utilized previously to address a similar problem is 
an approach known as asynchronous transfer mode or ATM. ATM is based on time 
division multiple access (TDMA) and framing at the satellite. The satellite first buffers 
and then transmits the data in frames. In this approach, each frame is divided into a 
number of discrete time slots. Each time slot corresponds to a group of cells within 
the network. During each time slot, the satellite transmits to a selected group of cells. 
For example, if there are 7 available time slots, the cells would be divided into 7 
groups. During a given time slot, the satellite would transmit data to cells in a single 
group. During the next time slot, the satellite would transmit to cells in a different 
group. This process is repeated for each frame. Therefore, during any frame, a cell 
would receive data in 1 time slot out of 7. By transmitting the data stream in this 
manner, the required data reception rates for any individual receiver within a cell can 
be kept at a manageable level. However, there is significant technical complexity 
penalty associated with the ATM approach as higher data rates are implemented. 
Another approach, known as the point and shoot approach, does not involve 
time division or data framing at the satellite. Instead the data stream is broadcast to all 
associated receivers simultaneously. The signal is divided into a plurality of packets. 
Each packet contains addressing information identifying the intended receiver for that 
packet. Each receiver monitors the data stream and extracts data packets intended for 
that particular receiver. The primary technical challenge with this approach is designing 
receivers that can demodulate and process their own incoming data streams without 
demodulating and processing the entire broadband data stream of the information 



signal. Current point and shoot communication networks are capable of 
accommodating only relatively low data transmission/reception rates. As higher data 
transmission rates are required, the complexity and consequently the cost of the 
associated receivers needed to demodulate this high-speed data stream also 
increases. Since receiver products are the primary source of revenue in the satellite 
communications business, there is significant incentive to maintain costs of the receiver 
as low as possible. 

Therefor, there is and continues to be a need for a practical, efficient and cost 
effective satellite based point and shoot type telecommunication network which is 



capable of conveying high-speed data streams from satellite transmitters to ground- 
based user terminals or receivers. 



The present invention is a satellite communication system using a point and shoot 
approach for data transmission that is suitable for broadband communications. The 
communication system includes a plurality of ground-based transmitters, an orbiting 
transceiver satellite, and a plurality of ground-based addressable receivers. Each 
ground-based transmitter transmits a broadband information signal which is divided into 
a series of discrete data packets. The information signal is transmitted at rates varying 
from 2 megabits per second to 64 megabits per second depending on the type of user 
terminal. The information signal is received by the orbiting transceiver. 
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Summary of the Invention 
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Each data packet in the information signal contains, among other information, the 
address of the intended receiver and the start time of the associated data. Upon 
receipt of the information signals, the satellite parses addressing information contained 
within each information signal (which is intended for a particular receiver) and uses the 
address information to construct an index signal. The index signal has a smaller 
number of bits as compared to the information signal. Each index signal, which 
contains address information for a specific receiver, has the same packet length as the 
information signal with a few bits carrying the receiver address and its information 
packet start time. The rest of the bits, called tail or reserve bits, are empty bits. Empty 
bits are used to match the index signal bit rate with the information signal bit rate. 

The index signals are transmitted over a narrow band beam and the information 
signals are transmitted over a ^road - b at^ beam from the satellite to a plurality of 
receivers. Each receiver continuously demodulates and decodes the narrow band 
index signal. The index signals are transmitted over a narrow band beam with the 
same bit rate as the information signals. The ground-based receivers continuously 
demodulate and decode the narrow band beam. The receiver, using address 
information contained in the index signal, locates and extracts data in the information 
signal intended for that receiver. When an address appears in the index signal that 
matches the receiver's address, the target receiver enables an onboard buffer to record 
or store a relevant portion of the information signal. By buffering the relevant portion of 
the information signal, the receiver is not required to demodulate and decode the high- 
speed information signal of all other receivers, but instead may perform the 



demodulation and decoding of only its own information from the knowledge obtained 
from the index signal. This means that each designated receiver expecting an 
information signal will only demodulate its own information signal from the stream of 
packets. As high-speed demodulation and decoding of data signals is technically 
challenging and not particularly cost effective, the benefit of such a dual signal 
broadcast and buffering receiver configuration can be seen in the reduced technical 

complexity of the mass produced receiver units and consequently their lower design 
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and production costs. 

/ Brief Description of the Drawings 

Figure 1 is a schematic illustration of the satellite communication system of the 
present invention. 

/ Figure 2 is a schematic illustration of an exemplary data packet used in the 
satellite communication system for transmitting data in the primary data stream. 

Figure 3 is a schematic illustration of an index data packet used for transmitting 
address information in the index data stream. 

Figure 4 is a schematic illustration of a receiver used in the satellite 
communication system of the present invention. 

Figures 5A and 5B are a schematic illustration showing a frequency plan for a 
single carrier and multi-carrier beam used in the satellite communication system of the 
present invention. 



Shown in Figure 1 is a functional schematic diagram that illustrates a broadband 
communication system generally indicated by the numeral 10. Communication system 
10 comprises a plurality of ground-based transmitters 12, an orbiting satellite 
transceiver 14 and a plurality of ground-based user terminals or receivers 16. It should 
be appreciated that while the particular embodiment shown in Figure 1 assumes that 
the transmitter 12 and receiver 16 are ground-based and that the transceiver 14 is 
spaced-based, in practice these network components could be stationed in a variety of 
configurations. 

The ground-based transmitters 12 broadcast the information signal via uplink 18 
to the transceiver 14. As shown in Figure 1, the information signals 18 are received 
and re-transmitted by the orbiting satellite transceiver 14 via downlink or forward link 20 
to a plurality of receivers. The downlink 20 may comprises a single carrier beam or a 
multi-carrier beam. In a conventional satellite communication system, the downlink 20 
typically comprise a narrow band carrier with a relatively low rate of transmission in the 
range of 0.5 to 1 .0 megabits per second (Mbps). The present invention, in contrast, 
employs a broadband carrier for transmitting the information signal on the downlink. 
The broadband carrier has a relatively high rate of data transmission typically in the 
range of 250 to 500 Mbps. 

On the uplink 18, the information signals are organized into a series of discrete 
units called data packets 30. There is no framing as in time division multiple access 
(TDMA) schemes. Instead each data packet 30 contains addressing information that 
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identifies the intended receiver 16 and provides locating information for locating the 
associated data in the information signal. That is, each data packet 30 is addressed to 
a particular receiver within the footprint of the broadband carrier beam. 

Figure 2 illustrates the format of an exemplary data packet 30. Each data packet 
30 contains a header 32 and an information field 34. The header 32 comprises the 88 
bits and the information field 34 comprises 424 bits for a total of 512 bits. The header 
32 contains data that is used for management and control of the communication 
system. The information field 34 contains the data being transmitted such as voice, 
audio or image data. 

The header 32 is divided into a number of fields that depend on the protocol 
being used. The important fields for the purpose of practicing the present invention are 
fields containing address information. As shown in fig. 2, the header 32 includes a 
packet address field 36, which in turn contains a channel address field 38. The channel 
address field 38 contains a terminal ID field 40 and a packet start time field 42. The 
terminal ID field 40 comprises 13 bits in length and contains an identifier used to 
identify a particular receiver 16 to which the data packet 30 is addressed. The packet 
start time field 42 is 8 bits in length and follows the terminal ID field 40. The packet 
start time field 42 contains information to identify the start time of the information field 
34 that contains the data being transmitted. The remaining 67 bits of header information 
are further divided. However, the information that they convey is not particularly 
significant with regard to the present invention and hence they will not be discussed in 
further detail herein. It should be appreciated that the specific packet sizes and data 



formats specified herein are only representative of one particular communication 
network protocol, and that any number of packet sizes and packet formats could be 
employed to satisfy the requirements of a particular system application. 

When the information signal is received at the transceiver 14, address 
information contained in the header 32 of the data packets 30 is copied and used to 
construct an index data stream 24. The index data stream 24 is transmitted to the 
receivers 16 on a narrow band carrier while the original information signal is transmitted 
unchanged to the receivers on a broadband carrier. Thus, the downlink comprises two 
data streams referred to herein as the primary data stream 22 and the index data 
stream 24. 

Receivers 16 in the network 10 demodulate and decode the entire index data 
stream 24. The receiver 16, to locate and extract the corresponding data in the primary 
data stream 22, uses address information in the index data stream 24. Therefore the 
receiver does not need to demodulate and decode the entire primary data stream 22. 
Since, the index data stream 24 is a narrow band signal, it can be demodulated and 
decoded without expensive equipment. 

Figure 3 shows the data structure of the index data stream 24 in more detail. As 
shown in Figure 3, the terminal ID field and packet start time field 40 and 42 in each 
data packet 30 in the primary data stream 22 are copied. These two fields are used to 
construct an index data packet 44 for the index data stream 24. One index data packet 
44 is formed for each data packet 30 in the primary data stream 22. The resulting index 
data packet 44, which is shown in Figure 3, is comprised of 21 data bits. The first 13 
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bits contain the terminal ID and the next 8 bits containing the packet start time for the 
corresponding data packet within the primary data stream 22. Thus, the index data 
stream 24 contains the information necessary for a receiver 16 to locate within the 
primary data stream 22 information that is addressed to or intended for that specific 
receiver 16. 

The advantage of using two separate data streams and on the downlink 20 can 
be better appreciated when the relative bandwidths or data transmission rates of the 
two information streams are considered. For each packet 44 contained in the index 
data stream 24, there is a corresponding packet(s) 30 in the primary data stream 22. 
The same interval of time is allocated for transmission of both an index data packet 44 
and a primary data packet 30. In the case of the primary data packet 30, 512 bits of 
data must be transmitted during the prescribed time interval, while in the case of the 
index data packet 44 only 21 bits of data must be transmitted in the same interval of 
time. Because the amount of data transmission for the index data stream is relatively 
low, the receiver can be built using less expensive components. 

Referring now to Figure 4, a schematic representation of a typical receiver 16 
employed in the communication network 10 of the present invention is shown. Receiver 
16 has two input streams 50 and 60, one for the index data stream 24 and one for the 
primary data stream 22. The first input stream 50 includes a demodulator 52, decoder 
54, and controller 56. The second input stream 60 includes a data buffer 62, 
demodulator 64, and decoder 66. It will be appreciated by those skilled in the art that 
receivers16 typically contain additional functional components which are necessary and 




required for normal operation. However, as these additional components are well 
known and understood, and furthermore are not particularly relevant to the present 
invention, they will not be discussed in detail herein. 

In operation, the index signal demodulator 52 continuously receives and 
demodulates the incoming data stream. The decoder 54 decodes the demodulated 
index signal. As each individual packet of index data is demodulated and decoded, this 
information is passed on to the controller 56 where the terminal ID bits are compared to 
the receiver's identification code. Thus, the controller 56 monitors the incoming index 
data stream 24 for any occurrence of the receiver's identification code. It should be 
appreciated that such continuous, real-time demodulation/decoding and subsequent 
monitoring of the index data stream 24 is technically and economically feasible as a 
direct result of the relatively narrow bandwidth or low data transmission rate associated 
with the index data stream 24. 

When the receiver 16 detects an index data packet 44 containing a matching 
terminal ID, controller 56 enables the associated buffer 62 to allow a relatively short 
time-slice of the incoming primary data stream 22 to be stored temporarily in the buffer 
62. Typically, this time-slice corresponds to a single primary data packet 30. 
Information related to the start time or location of this primary data packet 30 is 
provided in the index data packet 44 (i.e. in the packet start time field). Thus, the buffer 
controller 62 in response to the packet start time or location information provided by the 
index data packet 44 directs the buffer 62 to grab and store a particular primary data 
packet 30 in the primary data stream 22. All other data packets 30 within the primary 
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data stream 22, which are intended for other receivers 16 in the network 10, are 
ignored by the receiver 16. The data stored in the buffer 62 is then passed to the 
demodulator 64 and decoder 66 for demodulation and decoding. 

It is significant and should be appreciated that the primary data stream 22 is 
buffered prior to demodulation and decoding. This arrangement is particularly 
advantageous when it is considered that the data transmission rate of the primary data 
stream 22 is too high (approximately 500 Mbps) to permit cost effective, real-time 
demodulation and decoding at the receiver 16. Precisely controlled periodic buffering 
of a small portion or data packet 30 of the information signal prior to demodulation and 
decoding allows for off-line demodulation and decoding of the broadband signal by the 
receiver 16 at a high rate but with relatively small amount of index data which can be 
easily accommodated by relatively inexpensive technology. 

In practice, the index data stream 24 and the primary data stream 22 are 
synchronized such that a sufficient time delay is present between the appearance of a 
particular index data packet 44 in the index data stream 24 and the corresponding 
packet 30 in the primary data stream 22. This delay insures that the receiver 16 has 
adequate time to demodulate/decode the index data packet 44 and enable the data 
buffer 62. Furthermore, it should be appreciated that the time interval between 
consecutive appearances of a given receiver ID in the index data stream 24 will 
necessarily be of duration such that the signal buffering capacity of the receiver 16 is 
not exceeded. Demodulating and decoding the index signals in real time allows the 
controller 56 to identify the terminal I.D. and the data packet(s) start time fast enough to 
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extract the relevant information from the primary data stream. The relevant data to that 
particular receiver can be extracted from the buffer almost in real time. Then, 
demodulator 64 and decoder 66 process the relevant information almost in real time. 
When new data streams arrive, they will overwrite the old data stream in the buffer. 
This means that very fast processors are essential to avoid loss of information due to 
overwriting unprocessed information in the buffer. The main advantage of this 
approach is that each user terminal is demodulating and decoding the portion of the 
data packets intended for that receiver and ignore the rest of the data stream. 

As previously indicated, the present invention can be implemented using either 
single carrier beams or multi-carrier beams. Referring now to Figures 5A and 5B, the 
frequency allocation for the forward link is shown for both single carrier beams and 
multi-carrier beams. Figure 5A shows how the present invention can be implemented 
using a broadband carrier beam 22 and a narrow band carrier beam 24. The 
broadband carrier beam 22 has a bandwidth of approximately 485 MHz while the 
narrow band carrier beam 24 has a bandwidth of approximately 15 MHz. The 
information signal or primary data stream 22 is transmitted to the receivers 16 on the 
broadband carrier beam 22. The index data stream 24 is transmitted to the receivers 
16 on the narrow band carrier beam. Both the narrow band and broadband beams 
must have the same antenna aperture so that the same receivers 16 are covered. 

A multi-carrier beam configuration is shown in figure 5B. The beam is divided 
into two broadband carriers 22 and one narrow band carrier 24. The broadband 
carriers 22 have a bandwidth of approximately 242.5 MHz each while the narrow band 
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carrier had a bandwidth of approximately 15 MHz. In this scenario, the index data 
stream 24 on the narrow band carrier 24 is used to transmit addresses of all the 
packets in both broadband carriers 22. 

It should be apparent from the above discussions that communication network of 
the present invention effectively permits the transmission and reception of information 
at very high data transmission rates, without the need for costly and technically 
sophisticated receivers. 
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